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@ Liquid crystal display. 

@ A liquid crystal display (501) is described 
which comprises a plurality of switching ele- 
ments (121a , 121b) each including an active 
region (127a) disposed between a drain region 
(125a) and a source region (123a), a pair of pixel 
elements (151a) respectively connected to the 
drain regions (125a) of switching elements 
(121a), a signal line (111) connecting between a 
signal line driving circuit (291) and the drain 
region (125a) of the switching element (121a) 
and being disposed between the pair of the- 
pixel elements (151a). a storage capacitor line 
(211) including a portion (213) disposed be- 
tween the pair of the pixel elements (151a), and 
a first dielectric layer (163) Interposed between 
the signal line (111) and the storage capacitor 
line (211). 
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The present invention is directed to a liquid crys- 
tal display (hereinafter called "LCD") including thin 
film transistors (hereinafter called 'TFT") as switching 
elements for applying a signal voltage to each pixel 
element 

The LCD comprising a plurality of pixel elements 
arranged in a matrix form, and a plurality of switching 
elements applying a signal voltage to each pixel ele- 
ment achieves a lightweight, low electric power con- 
sumption, high quality display image without flicker. 

In these days, the LCD comprising pixel ele- 
ments and driving circuits which are provided on the 
same substrate is developed in order to solve the dif- 
ficulty of connecting between the pixel elements and 
the driving circuits with a decrease in the pixel ele- 
ments* pitch. 

An LCD described as having both fine pixel ele- 
ment pitch and high aperture ratio is described in 
" SID 90 DIGEST P.31 5-P.31 8 ; New Technologies for 
Compact TFT LCDs with High-Aperture Ratio ". 

Referring to Figs. 5 and 6 the LCD of the prior art 
will be described. This LCD 901 comprises a pair of 
electrical substrates which are opposed to each other, 
and a liquid crystal composition 803 sealed In the gap 
between a pair of the electrical substrates. 

As shown in Fig. 8, a matrix array substrate com- 
prises an insulating substrate, scanning lines 
713a,713b and signal lines 711 being arranged in a 
matrix form on the insulating substrate, TFTs 
721a,721b being connected to the scanning lines 
713a,713b, respectively and the signal line 711, and 
pixel electrodes 751 a, 751b being connected to the 
TFTs 721a,721b, respectively. 

In LCD 901. a pair of the scanning lines 
7 13a, 7 13b are closely disposed as one unit Storage 
capacitor line 821 is disposed between adjacent pixel 
electrodes 751 a, 751b, the pbcel electrode 751a being 
arranged on one side of the pair of the scanning lines 
713a,713b and the pixel electrode 751b being ar- 
ranged on the opposite side of the pair of the scan- 
ning lines 713a,713b. 

According to the above conventional art, as men- 
tioned above, the number of the storage capacitor 
lines 821 and contact holes 730 connecting between 
TFTs 721a,721b and signal lines 711 decreases to 
half of a conventional number. 

In the above conventional art, as the LCD 901 is 
driven by point at a time scanning, i.e., the video sig- 
nal Is applied to the signal lines in sequence or in each 
blocks of the signal lines, the LCD 901 has to provide 
am additional signal storage capacitance (Cv) outside 
of the display area to hold the signal voltage for at 
least one scanning period. This Is because the LCD 
901 does not provide enough signal storage capaci- 
tance (Cv) in the display area to hold the signal vol- 
tage. 

According to the above conventional art, a large 
electrode is needed for the additional signal storage 



capacitance (Cv), and such additional storage capac- 
itance (Cv) would result in a larger device size com- 
pared with the display area. 

Upon decreasing the pixel electrode pitch, these 

5 phenomena will become highly undesirable, because 
the LCD needs a prescribed capacitance for signal 
storage capacitance (Cv) independent of the pixel 
electrode pitch. 

Moreover, when sealing a pair of the electrical 

10 substrates with sealing material disposed between 
the display area and the driving circuits area sur- 
rciunding the display area, the electrode for additional 
signal storage capacitance (Cv) would be broken by 
a glassf iber contained in the sealing material. 

15 An object of the present invention is to provide an 
LCD obtaining the high aperture ratio and high signal 
storage capacitance (Cv) in a display area. 

To achieve the above mentbned objects, an LCD 
driven by a signal driving circuit of the present inven- 

20 tion comprises a signal line connecting between the 
signal line driving circuit and the drain region of a 
switching element and being disposed between a pair 
of pixel elements of the LCD, a line portion of a stor- 
age capacitor line disposed between the pair of the 

25 pixel elements, and a first dielectric layer interposed 
between the signal line and the line portion of the 
storage capacitor line. 

In this LCD of this invention, the signal storage 
capacitance (Cv) is obtained between the storage ca- 

30 pacitor line and the signal line which are arranged be- 
tween the pair of pixel elements. 

Therefore, the LCD obtains a large signal storage 
capacitance (Cv) in the display area without decreas- 
ing the aperture ratio. 

35 Further, the LCD docs not need to provide an ad- 

ditional signal storage capacitance (Cv) outside of the 
display area, when the width of the signal line and the 
thickness or material of the first dielectric layer are 
appropriately selected. 

40 An LCD so constructed in accordance with the in- 

vention, advantageously provide additional signal 
storage capacitance (Cv) and enables a decrease in 
the device size. 

The present invention will become more fully un- 

45 derstood from the description given herein below and 
the accompanying drawings which are given by the 
present invention, and wherein: 

Fig.1 is a schematic diagram of an LCD of an em- 
bodiment of the invention; 

50 Fig.2 is a plan view of the LCD of an embodiment 

of the Invention; 

Fig. 3, as viewed from front to back, is a sectional 
view along the line A-A and B-B* of Fig.2; 
Fig.4 is a sectional view along the line C-C of 
55 Fig.2; 

Fig.5 isaschematicdiagramof a LCDofthe prior 
art; and 

Fig.6 is a plan view of the LCD of the prior art 
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Referring Figs.1 to 4, an embodiment of the pres- 
ent invention for projection type high-definition televi- 
sion (HDTV) will be described. 

As shown in Figs.3 and 4, this LCD 501 compris- 5 
as a pair of electrical substrate structures 101,301 
which are opposed to each other. Each of the electri- 
cal substrates 101,301 has an alignment layer 
271,331 composed of polyimlde, and a liquid crystal 
composition 401 is sealed in the gap between the pair io 
of electrical substrates 101, 301. 

As shown in Fig.1, the first electrical substrate 
1 01 provides a display area 281 and a signal I ine driv- 
ing circuit 291 which generates a signal voltage, a 
scanning line driving circuit 293 which generates a 15 
scanning voltage and a common electrode driving cir- 
cuit 295 provided outside of the display area 281. 

The signal line driving circuit 191 consists of shift 
registers and sample and hold circuits. The shift reg- 
isters produce timing pulses for each sample and hold 20 
circuit. The sample and hold circuit consists of analog 
switching TFT and signal storage capacitance (Cv) in 
the display area 281 . The switching TFT is sampling 
the video signal voltage. The holding voltage of sam- 
ple and hold circuit is applied for each signal line 111 25 
as a signal voltage. The polarity of the signal voltage 
is inverted against a standard potential every one 
frame period. An additional signal storage capaci- 
tance (Cv) can be provided outside the display area 
281. 30 

In the display area 181, a plurality of signal lines 

Xi (i=1,2 m) 111 connecting to signal line driving 

circuit 291, and a plurality of scanning lines Yj (j=1,2, 
n) 113a,113b connecting to scanning line driving cir- 
cuit 293 are arranged in a matrix form. 35 

In this LCD 501, a pair of the scanning lines 
1 13a, 1 1 3b are closely disposed as one unit. First pixel 
electrodes 151a composed of ITO (Indium-Tin-Oxide) 
are disposed on one side of each pair of scanning 
lines 11 3a. 11 3b. and are respectively electrically con- 40 
nected to the source regions 123a of the TFTs 121a 
through the scanning lines 113a and the signal lines 
111. Second pixel electrodes 151b composed of ITO 
are disposed on the other side of each pair of the 
scanning lines 11 3a, 11 3b, and are respectively elec- 45 
trically connected to the source regions 123b of the 
TFTs 121b through the scanning lines 113b and the 
signal lines 111. 

Storage capacitor lines 211 extend along the di- 
rection of each scanning line 11 3a, 11 3b, and thestor- 50 
age capacitor line 211 is disposed between adjacent 
pairs of the pixel electrodes 151 a, 151b which are ar- 
ranged between two pairs of the scanning lines 
113a.113b. 

A second electrical substrate 301. as shown in 55 
Fig. 3, comprises a transparent quartz substrate 303, 
light attenuating strips 311 composed of Or extending 
along the direction of each line 11 3a, 11 3b in order to 
shade the TFTs 121 and between a pair of the scan- 



ning lines 113a,113b, a common electrode 321, and 
an alignment layer 331 coated thereon. 

These electrical substrates 101 ,301 are opposed 
to each other with the gap being controlled by 
spacers (not shown in Figs,), and the liquid crystal 
composition 401 is sealed in the gap by sealing ma- 
terial which is provided between the display area 281 
and the driving circuits 291.293 and 295 surrounding 
the display area 281. 

LCD 501 is driven by point at a time scanning. 

Referring to Figs.2, 3, and 4, the structure of LCD 
501 will now be described in detail. 

Adjacent TFTs 121a,121b of this embodiment 
LCD 501 are described. 

The first electrical substrate 101 of LCD 501 com- 
prises a transparent quartz substrate 103, and poly- 
crystalline-silicon (hereinafter called "p-Si") films 120 
disposed on the quartz substrate 103. 

Each p-Si film 120 has source regions 
123a,123b, drain regions 125a.125b, active regions 
127a,127b disposed between each source region 
123a,123b and each drain region 125a, 125b, and a 
drain connecting region 129 connecting the respec- 
tive drain regions 123a, 123b of the adjacent pixel 
electrodes 151a,151b to the signal line 111. 

Gate electrodes 115a, 115b are disposed over 
each active region 127a,127b. These gate electrodes 
115a,115b are double layered structures each con- 
sisting of a P**" doped p-Si film having a thickness of 
approximately 1 500 A and a WSix film having a thick- 
ness of approximately 2500 A. Gate insulating layers 
141a,141b having a thickness of approximately 1000 
Aoxidized on the p-Si film 120 surface by thermal ox- 
idation are respectively interposed between active re- 
gions 127a,127b and gate electrodes 115a,115b. 

A first intermediate insulating layer 161 (Fig.4) 
and the signal line 111 are disposed thereon in order. 
The drain connecting region 129 of p-Si film 120 is 
electrically connected to the signal line 111 through 
the same contact hole 130. 

A second intermediate insulating layer 171 and 
pixel electrodes 151a, 151b are disposed thereon in 
order, and the pixel electrodes 151a,1 51b are respec- 
tively connected to the source regions 123a.123b of 
p-Si film 120 through contact holes 160. 

As mentioned above, the adjacent TFTs 
1 21a,1 21 b connected to the adjacent pixel electrodes 
151a,151b, one of which is disposed on one side of 
the pair of scanning lines 113a.113b, and the other of 
which is disposed on another side of the pair of scan- 
ning lines 113a,113b consist of the same p-Si film 
1 20. and are connected to one signal line 1 1 1 through 
the drain connecting region 129 and the same contact 
hole 130. 

In this embodiment, the number of contact holes 
130 to connect between the signal lines 111 and the 
TFTs 1 21 decreases to half of the number of the TFTs 
121. 
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As a result, a high aperture ratio can be obtained. 

As shown in Fig.3, the signal line 111 having a 
large width is disposed over the active regions 
127a,127b of the adjacent TFTs 121a,121b through 
thefirst intermediate insuiating iayer 161 (Fig.4) in or- 
der to shade the light beam. As a result, it is not nec- 
essary to provide an additional light attenuating layer 
over the active regions 127a,127b in order to shade 
the reflecting light beam on the surface of the second 
electrical substrate 301, and photo-leakage current of 
TFTs 121a,121b is prevented. 

The p-Si film 120 comprises adjacent source 
elongated regions 131a,131b extending in opposite 
directions relative to each other and respectively sur- 
rounding the pixel electrodes 151a,151b electrically 
connected to each source elongated region 
131a,131b. Each source elongated region 131a, 131b 
includes a top portion 135a,135b and a side portion 
137a,137b. Adielectric layer 143a,143b for pixel stor- 
age capacitance (Cs) which is made with same proc- 
ess by which the gate insulating layers 141a, 141b 
covers both portions 1 35,137 of the source elongated 
regions 131 a, 131b. 

The storage capacitor line 211 is disposed be- 
tween the adjacent pair of the first and the second 
pixel electrodes 151a,151b which are arranged be- 
tween two pairs of the scanning lines 113a,113b, and 
extends along a direction of each scanning lines 
113a,113b. 

Storage capacitor line 211 provides a plural pair 
of elongated portions 213a,213b, each pair of elon- 
gated portions 213a,213b extending in opposite di- 
rections such that portion 213a is between adjacent 
pixel electrodes 151a and portion 213b is between 
adjacent pixel electrodes 151b. 

Adjacent pixel electrodes 151a are disposed on 
opposite sides of the signal line 11 1 and adjacent pixel 
electrodes 151b are also disposed on opposite sides 
of the signal line 111. 

Storage capacitor line 211 is composed of the 
same material as the scanning line 113 and the gate 
electrodes 115a, 115b and is electrically connected to 
the prescribed potential level. It can be co.nnected 
between the storage capacitor line 211 and the com- 
mon driving circuit 295. 

Storage capacitor line 211 provides overlap por- 
tions 221 a,221b overlapped on the proximate pair of 
pixel electrodes 151a,151b through the pixel dielec- 
tric layer 165,175 which are formed during the same 
steps in which the first and the second intermediate 
insulating layers 161,171 are formed. 

Therefore, the number of storage capacitor lines 
211 decreases to half of the number of scanning lines 
113. As a result, a high aperture ratio in LCD 501 is 
obtained. 

LCD 501 provides three pixel storage capacitanc- 
es (Cs) in each pixel . The first pixel storage capaci- 
tance (Cst) is formed between the top portion 



135a, 135b of the source elongated region 131a,131 b 
and the storage capacitor line 211. The second pbcel 
storage capacitance (Css) is formed between the 

5 side portion 137a,137b of the source elongated re- 
gion 131a,131b and the storage capacitor line 211, 
and the third pixel storage capacitance (Csp) is 
formed between the pixel electrodes 151 a, 151b and 
the overlap portions 221 a,221 b of the storage capac- 

10 itor line 211. 

As the result, a large pixel storage capacitance 
(Cs) electrically connected to the pixel electrode 
151a,151b can be obtained, and it is able to reduce 
the pixel electrode potential level shift under the in- 

15 flue nee of other electrode potentials. 

According to the above, since the source elon- 
gated region 131a,131b is formed during the same 
step as the source region 123a,123b, it is desirable to 
decrease the resistance of the source elongated re- 

20 gions 131a,131b by an ion implantation process as 
provided for source region 123a. 123b. However, it is 
difficult to decrease the resistance of source elongat- 
ed regions 131 a, 131b by the same process as the 
source region 123a, 123b, because the source elon- 

25 gated regions 131a,131b are covered with the stor- 
age capacitor lines 211 which blocks the implantation 
of the dopant. 

In view of this, LCD 501 is made by the following 
steps. First, the p-SI layer 120 is formed on the insu- 

30 lating substrate and patterned in a island-like shape. 
Then, the source elongated regions 131 a, 131b for 
pixel storage capacitance (Cs) are formed by an ion 
implantation process. The gate insulating layers 
141a,141 band the dielectric layer 143a, 143b for pixel 

35 storage capacitance (Cs) are formed by thermal oxi- 
datk>n of the p-Si film 120 surface. Next, the gate 
electrodes 11 5a, 11 5b and the storage capacitor lines 
211 are disposed on them. Next, the active regions 
127a, 127b, source regions 123a, 123b, and drain re- 

40 gions 125a,125b are formed by another ion implan- 
tation process using the gate electrodes 11 5a, 11 5b 
and the storage capacitor line 211 as a mask. 

Preferably, the amount of the dopant of the 
source elongated regions 131 a, 131b is in the range 

45 from 1 x lO''^ to 5 X 10^® /cm^. If the amount of the do- 
pant is too great, the thickness of the dielectric layer 
1 43a, 1 43b for storage capacitor line 21 1 becomes too 
thick. However if the amount of the dopant is too 
small, it is difficult to obtain a large storage capaci- 

50 tance (Cs). Therefore, the ion implantation process of 
the source elongated regions 131a,131b can be car- 
ried out before forming the gate insulating layers 
141a,141b and the dielectric layers 143a, 143b. 
It is preferred to form the dielectric layer 

55 143a,143b by the CVD process instead of the ther- 
mal oxidation process of p-Si film. This is because it 
is easier to control both thickness of the dielectric lay- 
ers 143a, 143b and resistance of the source elongat- 
ed regions 131a,131b by the CVD process. 
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In this embodiment, storage capacitor iines 211 
having a wide width are abie to decrease the re- 
sponse time of the storage capacitor iines 211. In- 
creasing the storage capacitance (Cs) means in- 5 
creasing parasitic capacitance of the storage capac- 
itor lines 211. Therefore, so as to increase the pixel 
storage capacitance (Cs), It is necessary to decrease 
the sheet resistance and the parasitic capacitance of 
the storage capacitor lines 211 . io 

Such considerations are especially important for 
an HDTV LCD having a large number of pixel electro- 
des 151. 

Therefore, in this embodiment, the double 
layered structure is also used for the storage capac- 15 
itor lines 211 to decrease the sheet resistance. The 
storage capacitor lines 151 are not limited to the ma- 
terials mentioned above but can also use a light at- 
tenuating layer such as Mo Mo-Ta, W and Al. 

As described above, the storage capacitor lines 20 
211 can consist of the light attenuating material. As a 
result, it is not necessary to dispose another light at- 
tenuating strip over the storage capacitor lines 211. 

For these reasons, as shown in Fig.3, the second 
electrical substrate 301 comprises the light attenuat- 25 
ing strips 31 1 each disposed over t he pair of t he scan- 
ning lines 113a,113b and the TFTs 121a,121 b In com- 
mon. 

According to this embodiment, it is possible to de- 
crease the number of light attenuating strips 311 to 30 
half the number of the scanning lines 113a,113b. It is 
easy to adjust the position between the light attenu- 
ating strips 311 and the pixel electrodes 151 a, 151b, 
and possible to improve the manufacturing, produc- 
tivity of the LCD 501. 35 

In this embodiment, the source elongated re- 
gions 131 a, 131b are covered with storage capacitor 
lines 211 through the dielectric layer 143 for storage 
capacitance (Cs). According to this, in spite of the 
source elongated regions 131 a,1 31b providing over- 40 
lap area 133a, 133b overlapped vwth adjacent pixel 
electrodes 151a,151b, it Is possible to prevent the In- 
fluence of adjacent pixel elect rodes potential level. 

The signal storage capacitance (Cv) of this em- 
bodiment LCD 501 is described next. 45 

As described at>ove, LCD 501 comprises the 
storage capacitor lines 211, each storage capacitor 
line 211 comprising the elongated portions 
213a,213b extending in opposite directions between 
a pair of the pixel electrodes 151a and the pixel elec- so 
trodes 1 51 b, one of which is disposed on one side of 
the signal line 111, and the other of which is disposed 
the other side of the signal line 111. As shown In 
Figs. 3 and 4, a dielectric layer 163 for signal storage 
capacitance (Cv) is the first intermediate insulating 55 
layer 161 and is interposed between the signal line 
111 and the storage capacitor line 211. 

In the prior LCD 901 as shown in Fig.6, the signal 
storage capacitance (Cv) in the display area compris- 



es only a signal storage capacitance (Cv) of the cross 
portion between the signal line 711 and the storage 
capacitor line 821 and between the signal line 711 
and the scanning line 713. For this reason, as the sig- 
nal storage capacitance (Cv) in the display area of the 
prior LCD 901 is too small to hold the signal voltage, 
it is necessary to provide the additional signal storage 
capacitance (Cv) outside the display area. 

However, in LCD 501 , a large signal storage ca- 
pacitance (Cv) is provided In the display area 281 . As 
shown in Fig.2 and 4, the owerlap portion 231 of the 
signal storage capacitor line 211 overlapped with the 
signal line 111 is sufficiently wide to obtain a large sig- 
nal storage capacitance (Cv) in display area 281. 

For this reason, a miniature driving circuit design 
is achieved. 

A prescribed capacitance as the signal storage 
capacitance (Cv) for the LCD to hold the signal vol- 
tage Is necessary, even if the pixel electrode pitch be- 
comes smaller. In order to obtain high quality display 
image. Accordingly, it is necessary to extend the elec- 
trode for additional storage capacitance (Cv) along a 
direction of the signal line In order to dispose a large 
electrode for additional signal storage capacitance 
(Cv) between fine pitch electrodes, and it causes en- 
largement of the LCD. 

For this reason, the present embodiment pro- 
vides desirable results, when the pixel electrode pitch 
decreases. 

In this embodiment, as the signal storage capac- 
itance (Cv) is provided in the display area 281, the 
electrodes for signal storage capacitance (Cv) are not 
broken by the glass fiber included in the sealing ma- 
terial, even If the sealing material Is disposed be- 
tween the signal driving circuit 291 and the display 
area 281. 

Further, as shown in Fig. 4, the elongated portion 
213 of the storage capacitor line 211 is disposed be- 
tween a pair of the pixel electrodes 151a,151b. As a 
result, even if the signal line 111 and the pixel elec- 
trodes 151a,151b are arranged close together, the 
horizontal electric field between the signal line 111 
and the pixel electrodes 151a,151b is restrained with 
the storage capacitor line 211 which acts as a shield. 

For these reasons, the tilt reverse domain of the 
liquid crystal composition 401 and the coupling ca- 
pacitance between the signal line 111 and the pixel 
electrodes 151 a, 151b occurring in the horizontal 
electric field are decreased, and this LCD 501 se- 
cures a high quality display image. 

Also, as the horizontal electric field is decreased, 
it is possible to decrease the distance between the 
signal line 111 and the pixel electrodes 151, and ob- 
tain the high aperture ratio maintaining a high quality 
display image. 

In this embodiment, the double gate TFTs 121 
are used as the switching elements. However the sin- 
gle gate TFTs can also be used. In such a case, it is 



5 



9 



EP 0 566 408 A1 



10 



easy to obtain a large signal storage capacitance 
(Cv). 

As shown In Flgs.3 and 4, the pixel electrodes 
151 a, 151b are disposed in different planes from the 
signal line 111 in order to prevent occurrence of a 
short circuit between them. Without consideration 
about the short circuit, the display can be successful- 
ly practised with the electrodes 151a, 151b and the 
signal line 111 in the same plane. 

In this embodiment, a signal storage capacitance 
(Cv) is obtained in the overlap portion 231 between 
the storage capacitor line 211 and the signal line 111. 
As a result, it is possible to obtain the large signal stor- 
age capacitance (Cv) in the display area 281 without 
reducing the aperture ratio. And it is possible to de- 
crease the device size because of excluding the ad- 
ditional signal storage capacitor (Cv) provided outside 
the display area 281 . 

In this LCD 501, each source elongated region 
131a,131b is covered with the storage capacitor line 
211 through the dielectric layers 143a,143b for pixel 
storage capacitance (Cs). As a result, it is possible to 
obtain a large pixel storage capacitance (Cs) without 
reducing the aperture ratio. This is because the pixel 
storage capacitance (Cs) contains the storage capac- 
itance (Css) between the side portion 137a, 137b and 
the storage capacitor line 211, and the pixel storage 
capacitance (Cst) between the top portion 1 35a, 1 35b 
and the storage capacitor line 211. As this large pixel 
storage capacitance (Cs) is electrically connected to 
the pixel electrode 151a,151b, the pixel electrode 
151 a, 151b potential level shift can be reduced. 

Further in accordance with this embodiment of 
the invention, the source elongated region 131 a, 131b 
is covered with storage capacitor line 211 through the 
dielectric layer 143. Therefore, in spite of comprising 
the overlap portion between the source elongated re- 
gion 131a, 131b and the pixel electrode 151a, 151b 
electrically not connected to the source elongated re- 
gion 131a.131b, it is able to cancel the adjacent pixel 
electrode 151 a, 151b potential level, and obtain the 
high quality display image. 

In accordance with this embodiment of the inven- 
tion, in the case in which a 40 ^m pixel electrode pitch 
is provided, it is able to obtain the 40% as the aper- 
ture ratio. It Is also able to obtain 7 pF for signal stor- 
age capacitance (Cv) in display area 281 , the pixel 
storage capacitance (Cs) which is about two times 
larger than the conventional LCD having the same 
pixel pitch. 

Additionally, white LCD 501 includes the light at- 
tenuating strips 311 on the second electrical substrate 
301, the light attenuating strips 311 can be arranged 
on the TFTs 121a,1 21b or under the TFTs 121a, 121b 
through an insulating film thereby avoiding the need 
to position attenuating strips on the electrical sub- 
strate 301. Further color filters can be disposed be- 
tween the electrical substrates 101,301. 



As time constant with the switching TFTs equiv- 
alent series resistance and the signal storage capac- 
itance (Cv) Is most effective factor for nnaximum op- 

5 erating frequency of the signal line driving circuit 291 , 
it is not necessary to obtain a large signal storage ca- 
pacitor (Cv). Therefore, when the light shading film is 
disposed on the TFTs 1 21 a,1 21b through an insulat- 
ing film , the light shading film is formed In stripe form 

10 along the direction of the scanning lines 113a, 113b. 
As a result, an undesirable capacitance between light 
shading film and the signal lines 111 is inconsider- 
able, and it is easy to control the period of applying 
signal voltage to the scanning lines 111. 

15 However, when the light shading layer is dis- 

posed on the TFTs 121a,121b, it is preferable to pro- 
vide the LCD structure which comprises the signal 
lines 111, a first insulating layer disposed on the sig- 
nal lines 111 , a light attenuating iayerdisposed on the 

20 other insulating layer, a second insulating layer dis- 
posed on the light attenuating layer, and the pixel 
electrodes 151 a, 151b disposed on the second insu- 
lating layer. In accordance with this structure, the 
coupling capacitance between the signal lines 111 

25 and the pixel electrodes 151a,151b is reduced. As a 
result, the LCD so constructed 501 is suitable for pro- 
jection type LCD, e.g. for the viewfinder of a video 
camera. 

While only one embodiment of the present inven- 
30 tion has been described, it will be apparent to those 
skilled in the art that various changes and modifica- 
tions may be therein without departing from the 
scope of the present invention as claimed. 

35 

Claims 

1. A liquid crystal display (501) driven by a signal 
line driving circuit (291) having a plurality of 

40 switching elements (121a) each comprising an 
active region (127a) disposed between a drain re- 
gion (125a) and a source region (123a), a pair of 
pixel elements (151a) each connected to said 
source regions (123a) of respective ones of said 
45 switching elements (121a), a signal line (111) 

connecting between the signal line driving circuit 
(291) and said drain region (125a) of said switch- 
ing element (121a) and being disposed between 
said pair of said pixel elements (151a), character- 
so ized by 

a storage capacitor line (211) including a 
line portion (213a) disposed between said pair of 
said pixel elements (151a), and 

a first dielectric layer (163) interposed be- 
55 tween said signal line (111) and said line portion 

(213a). 

2. A liquid crystal display (501 ) according to claim 1 , 
characterized by a source elongated region 



6 



11 



EP 0 566 408 A1 



12 



(131a) connected to said source region (123a), a 
second dielectric layer (143) covering at least a 
portion of said source elongated region (131a) 
and substantially being covered with said line 5 
portion (213a). 

3. A liquid crystal display (501 ) according to claim 2, 
characterized in that said source elongated re- 
gion (131a) includes a top portion (135a) and a io 
side portion (137a), a first storage capacitor be- 
ing formed between said top portion (1 35a) and 

said storage capacitor line (211), and a second 
storage capacitor being formed between said 
side portion (137a) and said storage capacitor is 
line (211). 

4. A liquid crystal display (501) according to claim 2, 
characterized in that said source elongated re- 
gion (131a) extends from said source region 20 
(123a) to between said pair of said pixel elements 
(151a). 

5. Aliquid crystal display (501 ) according to any pre- 
ceding claim, characterized by a second dielec- 25 
trie layer (165 , 175) interposed between said line 
portion (21 3a) and at least a portion of one of said 

pair of pbcel element (151 a). 

6. Aliquid crystal display (501) according to any pre- 30 
ceding daim, characterized by a gate electrode 

(11 5a) disposed over said active region (127a), a 
gate Insulating layer (141a) Interposed between 
said gate electrode (115a) and said active region 
(127a). a scanning line (11 3a) connecting to ones 35 
of said gate electrodes (115a). 

7. Aliquid crystal display (501) according to claim 6, 
characterized in that said line portion (213a) ex- 
tends along the direction of each said signal line 40 
(111). 

8. Aliquid crystal display (501) according to claim 6, 
characterized in that said storage capacitor line 
(211) and said scanning line (113a) are each com- 45 
posed of the same material. 

9. Aliquid crystal display according to claim 6, char- 
acterized in that said pair of pixel elements (151a) 

is a first pair and further including a second pair so 
of pixel elements (151b) adjacent to said first pair, 
wherein a pairof said scanning lines (113a , 113b) 
are disposed between said first and second pairs 
of pixel elements (151a , 151b). 

55 

10. Aliquid crystal display (501) according to claim 9, 
characterized by a drain connecting region (129) 
connecting the respective drain regions (123a , 
123b) of one pixel element (151a, 151b) of each 



of said first and second pairs of pixel elements 
(151a , 151b) to said signal line (111). 

11. Aliquid crystal display (501 ) according to claim 9, 
characterized by a third pair of pixel elements 
(151a) proximate said second pair of pixel ele- 
ments (1 51b), wherein the storage capacitor line 
(211) Is disposed between said second and third 
pairs of said pixel elements (151b , 151a). 

12. A liquid crystal display (501) according to claim 

11, characterized in that said storage capacitor 
line (211) is substantially composed of light at- 
tenuating material. 

13. A liquid crystal display (501) according to claim 

12, characterized by a light attenuating strip (311) 
formed over a pair of said scanning lines (113a , 
113b) and said switching elements (121a). 

14. Aliquid crystal display (501) according to any pre- 
ceding claim, characterized in that the active re- 
gion (127a) is mainly composed of polycrystal- 
line-silicon . 

1 5. Aliquid crystal display (501 ) according to any pre- 
ceding claim, characterized by an insulating sub- 
strate (103), the signal driving circuit (291) and 
pixel elements (151a) being arranged on said in- 
sulating substrate (103). 

16. A liquid crystal display (501 ) according to any pre- 
ceding claim, characterized in that the signal line 
(111) is disposed over the active region (127a) of 
the switching element (121a). 

17. A liquid crystal display (501) driven by a signal 
line driving circuit (291) having a plurality of 
switching elements (121a) each comprising an 
active region (1 27a) disposed between a drain re- 
gion (123a) and a source region (125a), a pair of 
pixel elements (151a) each connected to said 
source regions (125a) of respective ones of said 
switching elements (121a). a signal line (111) 
connecting between the signal line driving circuit 
(291) and said drain regions (123a) of said 
switching element (121a) and being disposed be- 
tween said pair of said pixel elements (151a), 
characterized by 

a storage capacitor line (211) comprising 
an elongated portion (213a) extending between 
said pairof said pixel elements (151a], 

a source elongated region (131a) extend- 
ing from said source region (123a) between said 
pair of said pixel elements (151a), 

a first dielectric layer (163) interposed be- 
tween said signal line (111) and said elongated 
portion (131a) of said storage capacitor line 
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(211). and 

a second dielectric layer (165 , 175) inter- 
posed between said source elongated region 
(131a) and said elongated portion (213) of said 5 
storage capacitor line (211). 

18. A liquid crystal display (501) according to claim 

17, characterized by a gate electrode (115a) dis- 
posed adjacent each said active region (127a), a io 
gate Insulating layer (141a) interposed between 

said gate electrode (115a) and said active region 
(127a), and a scanning line (113a) connecting to 
ones of said gate electrodes (115a). 

15 

19. A liquid crystal display (501) according to claim 

18, characterized in that said pair of pixel ele- 
ments (151a) is a first pair and further including 
a second pair of pixel elements (151b) adjacent 

to said first pair (151a), wherein a pair of said 20 
scanning lines (113a , 113b) are disposed be- 
tween said first and second pairs of pixel ele- 
ments (151a. 151b). 

20. A liquid crystal display (501) according to claim 25 

19, characterized in that a pair of said elongated 
portions (131a , 131b) extend in opposite direc- 
tions from said storage capacitor line (211) re- 
spectively between said pair of said pixel ele- 
ments (151a , 151b). 30 
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